Experimental Molecular Spectroscopy (Laser Raman and Infrared Spectra of some Polyatomic Molecules) by Mathew, Samuel
EXPERIMEMTAL MOLECULAR SPECTROSCOPY 
(LASER BAMAN AND INFRARED SPECTRA OF SOME 
POLYATOMIC MOLECULES) 
SUBMITTED IN PARTIAL FULFILWIEWT OF THE REQUIREf\/}ENTS 
FOR THE AWARD OF THE DEGREE OF 
Muittv of $i|Uos(optip 
IN 
PHYSICS 
SAMUBb MA7H6W 
D E P A R T M E N T O F PHYSICS 
A L I G A R H M U S L I M U N I V E R S I T Y 
A L I G A R H ( INDIA) 
1991 
m^^'^'M 
^V.fr ,/-' 
DS1851 
I'® MW lPiaiElB3^1 
DR. P . K . VERMA 
READER 
DEPARTMENT OF PHYSICS 
AUGARH MUSLIM UNIVERSITY 
AUGARH-202002 (India) 
Tele. No. : 9001 
Telex : 564 230 AMU IN 
CERTIFICATE 
Certified that the work 
presented in the dissertation 
entitled "Experimental Molecular 
Spectroscopy" is the original work of 
Mr. Samuel Mathew carried out under 
my supervision. 
1 M . V. Aligarfe 
ACKNOWLEDGEMENTS 
With great pleasure and privilege I express my sincere 
gratitude to my Supervisor, Dr. P.K. Verma, Reader, 
Department of Physics, Aligarh Muslim University, Aligarh, 
for his valuable guidance and encouragement at every stage 
of my research work. I am highly indebted to Prof. Israr 
Ahmad, Chairman, Department of Physics, A.M.U., Aligarh, for 
providing all necessary facilities and useful suggestions 
during the course of this work. 
I am extremely grateful to Prof. Shafiullah, Department 
of Chemistry, A.M.U., Aligarh for his invaluable help and 
suggestions. 
I express my sincere thanks to Dr. Shabbir Ahmad for 
his cooperation and help. 
Thanks are due to my colleagues, friends and other 
staff members of the Department for their inspiration and 
kind cooperation. 
I am very much thankful to my family members who have 
faced various difficulties in my absence. 
I am also thankful to Head, RSIC, Madras and Lucknow 
for providing recording facilities of the spectra. 
( SAMUEL MATHEW ) 
CONTENTS 
Page 
CHAPTER 1 GENERAL INTRODUCTION 
1.1. Theoretical Considerations 04 
1.1.1. Vibrational energy 04 
1.1.2. Quantum mechanical formulation 08 
1.1.3. Energy levels 09 
1.1.4. Eigenfunctions 11 
1.1.5. Symmetry of normal vibrations 12 
1.2. Vibrational Spectra of Benzene 15 
1.3. Vibractional Spectra of Substituted 24 
Benzenes 
1.3.1. Spectra of monosubstituted 24 
benzenes 
1.3.2. Spectra of disubstituted 26 
benzenes 
1.3.3. Spectra of trisubstituted 28 
benzenes 
1.3.4. Spectra of tetrasubstituted 29 
benzenes 
1.4. Vibrational Spectra of Uracil 29 
References 31 
CHAPTER 2 LASER RAMAN AND INFRARED SPECTRA 
OF 2,4,6-TRINITROPHENOL 
2.1. Introduction 36 
2.2. Experimental Details 36 
2.3. Results And Discussion 41 
References 5 2 
11 
CHAPTER 3 INFRARED AND FAR-INFRARED SPECTRA 
OF SULPHANILIC ACID 
3.1. Introduction 55 
3.2. Experimental Details 55 
3.3. Results And Discussion 56 
References 67 
CHAPTER 4 RAMAN SPECTRUM OF 6-AZAURACIL 
4.1. Introduction 69 
4.2. Experimental Details 69 
4.3. Results And Discussion 70 
References 78 
SCOPE OF THE WORK 79 
LIST OF PUBLICATIONS 80 
oOo -
CHAPTER 1 
GENERAL INTRODUCTION 
Molecular spectroscopy deals with the various energies 
associated with a molecule. Generally, a molecule contains 
three types of energies, namely electronic, vibrational and 
rotational energies. Electronic energy of a molecule is 
greater than the vibrational energy whereas vibrational 
energy is greater than the rotational energy of the 
molecule. Electronic spectra of molecules are observed in 
visible and ultra-violet region of the electromagnetic 
radiation, whereas the vibrational spectra are obtained in 
the infrared and far infrared region. Vibrational spectra 
are also observed in the Raman spectra of molecules where 
most of the vibrations are obtained with the help of 
difference in the wavelengths between incident radiation and 
Stoke's or anti-Stoke's lines. Now a days Raman 
spectroscopy of molecules has been totally revived with the 
help of the laser sources. We get Raman spectrum with high 
intensity and the background continuum is absent due to the 
high intensity and high monochromaticity associated with the 
laser source. The time taken in recording the Raman 
spectrum becomes very small due to high intense laser source 
as well as the dissociation of the molecule is also avoided 
due to small amount of exposure time in recording the Raman 
spectrum. 
Rotational energy of the molecule is observed with the 
help of pure rotational spectrum obtained in microwave and 
radiofrequency region of the electromagnetic radiation. 
With the help of rotational spectrum we can obtain the 
intermolecular distance and moment of inertia of the 
molecule along different axes of rotations. 
In the present dissertation, we are concerned with the 
vibrational spectroscopy of polyatomic molecules observed 
in the infrared and far-infrared region of the 
electromagnetic radiation and laser Raman spectra of 
polyatomic molecules. Infrared and far-infrared spectra of 
polyatomic molecules will give the information about the 
various fundamental vibrational frequencies associated with 
different normal modes of vibrations of the molecule. Some 
combination bands and overtones are also observed to give 
the significance of particular normal mode of vibration 
present in the molecule. Intensity of the band describes 
the occurrence and characteristic of particular molecular 
vibration which also indicates that the same may be used to 
identify that specific molecule. Laser Raman spectra of 
polyatomic molecules confirm the occurrence of different 
molecular vibrations observed in the infrared and 
far-infrared spectra of the molecules. The absence of some 
particular molecular vibration in laser Raman 
spectrum indicates the prohibition of that vibration due to 
the selection rule followed in Raman spectrum. This 
explains the change in the symmetry of the normal modes of 
vibration. Symmetry of the normal modes of vibration is 
confirmed with the help of depolarized and polarized laser 
Raman spectra. Normal modes of vibrations are assigned 
symmetric and anti-symmetric, depending upon the values of 
the depolarization ratios. 
Vibrational spectroscopy of polyatomic molecules is 
very important due to the fact that it gives the information 
about the geometry and symmetry of the whole polyatomic 
molecule. Symmetric and anti-symmetric vibrations occur in 
definite numbers depending upon the particular symmetry of 
the polyatomic molecule. Laser Raman spectroscopy has added 
a quite new dimension so far as the various molecular 
vibrations are confirmed with its help and a large number of 
vibrational bands are assigned symmetric and anti-symmetric 
with the help of values of depolarization raLio. Laser 
Raman spectra are important molecular spectra in the sense 
that they also give information about low frequency region 
vibrations which were difficult to be obtained in earlier 
days with Hg-arc source. 
To study the above mentioned vibrational spectra of 
polyatomic molecules we shall describe the theoretical 
considerations about the vibrational spectroscopy of 
polyatomic molecules. 
1.1. Theoretical Considerations 
Vibrational motion of a polyatomic molecule may be 
considered, assuming that no rotation of the whole molecule 
takes place. For describing the motion of the polyatomic 
molecule containing N nuclei, we require 3N coordinates. In 
other words there are 3N degrees of freedom. There are 
three translational degrees of freedom. The orientation of 
the system in space may be described by three coordinates. 
Thus 3N-6 coordinates are required for describing the 
relative motion of the nuclei with fixed orientation of the 
system, or there are 3N-6 vibrational degrees of freedom. 
In linear molecule there are 3N-5 degrees of freedom. 
1-1.1. Vibrational energy 
The normal vibrations and normal coordinates of a 
molecule can be introduced by using the law of conservation 
of energy. Considering that the force is the negative 
derivative of the potential energy with respect to 
displacement, the potential energy for a simple harmonic 
oscillator is found from the equation [1] 
F^ = m.a. = -4Tr^^^m.s. (1) 
1 1 ^ 1 1 
to be, 
V^ = 2n^ifm^il = Jsk^ s? (2) 
where k. = 4Tr-^.m., the force constant. (3) 
and s. is the displacement of any particle i of mass m. 
carrying out a simple harmonic motion with frequency 
The kinetic energy is 
T. = 'sra. V. = Jjm. s. (4) 
Therefore the total energy is 
H. = V. + T. = 35(k.s^ + m.S?) (5) 
1 1 1 1 1 1 1 
As long as the displacements are sufficiently small the 
potential energy of the nuclei is given by 
y ' h VCk-'-^x.x. + k-'-^ y.y. + k^^z.z.) 
•f-f XX 1 ] yy 1 1 3^ 1 J 
ID 
+ 2!!(k^^x.y. + k^^x.z. + K^^y.z.) (6) 
^ xy I-'3 xz 1 3 yz-'i j 
If we denote the coordinates 
by 'ii I'iy I'i-ii^Ai^cif the potential energy may be 
written as 
V = ^ T k . .q.q. 
= Jskj^ j^ q^^ + 3jk22q2 + 
+ k^2q^q2 + k^3q^q3 + (7) 
This holds, as long as the displacements are small compared 
to the internuclear distances, even if q^ ,q-^iq-3, are 
displacement coordinates other than those chosen above. In 
the present case 
11 XX 22 yy 12 xy 
The kinetic energy is given by 
T = Zm^^^l + YI + z^) (9) 
or, with the new notations 
• • 1 = h Th. .q.q. (10) 
where, 
bj^ j = 0 for i / j, 
and b^^ = b22 = b33 = m^ (11) 
Introducing new coordinates 
«i,,«^„, -ii^-. by means of the linear equations, 
the total energy becomes 
H = V + T 
It is now, the sum of 3N mutually independent terms, each of 
which has the form of the total energy of a simple harmonic 
oscillator of mass 1. The motion of the system of N 
particles may be considered as superposition of 3N 
independent simple harmonic motions in the new coordinates. 
«^ ^ = "Y? Cos(2TI-J>^ t + ^^) (13) 
where the frequencies are related to the constant A. by 
X. = 411^  ^ ? (14) 
1.1.2. Quantum mechanical formulation 
The Schrodinger equation for a system of N particles of 
masses m. and coordinates x,y, and Zj^  is [1] 
k "k 3x^  3y2 hi h^  
where U is the wave function, E the total energy and V is 
the potential energy. The solution of the Schrodinger 
equation will be simplified by introducing normal 
coordinates (Qv)* The kinetic and potential energies of 
vibrations of a system of N particles in terms of normal 
coordinates (Qi^ ) are given by expression [2] 
3N _ 
T = H ^ ^t ^^^^  
k=l ^ 
3N , 
V = 35 Z: XuQk (17) 
k=l ^ 
Then the Schrodinger equation of system of N particles has 
the form 
.2 3N :.2„ 3N ^ 
--3 2: ff + ^  S: X^ Q^ u = EU (18) 
8Tr k=l 3Q, k=l ^ ^  
where U is the vibrational wave function which is a function 
of the normal coordinate and E is the vibrational energy. 
The variable in the equation (18) can be resolved into a sum 
of 3N equations 
with 
E = E(l) + E{2) + + E(3N) (20) 
The equation (19) is the Schrodinger' s wave equation for a 
2 
simple harmonic oscillator of potential energy h -Xj^ Qj,* '^^^ 
vibrational motion of the molecules may be considered as the 
superposition of 3N simple harmonic motions in 3N normal 
coordinates. The total vibrational energy is the sum of the 
energies associated with each normal vibration. 
1.1.3. Energy levels 
The eigen values of the equation (19), the energy 
values of the simple harmonic oscillator k, are given by the 
expression 
\ = h^k^\ "*• ^^ ^2^^ 
10 
where V, is the vibrational quantum number varying from 
0,1,2, 
and v'j^  = l/27T/i;^ (22) 
is the classical oscillation frequency of the normal 
vibration k. The total vibrational energy of a molecule 
with several classical frequencies -i, is of the form 
E = h\>^{V^ + h) + h-if^iV^ -^ h) + 
+ ^^^N-6 !^3N-6 -^  ^ ) ^23) 
Every normal coordinate (Q,^ ) of molecule is associated with 
a vibrational quantum number V. and a normal frequency •>), . 
The term values can be expressed by 
^ = ^ l^^l + ^ ) + "2^^2 + ^ ) + 
•^  '^ 3N-6(^ 3N-6 + ^ ) (24) 
•«*'s are the vibrational frequencies in cm units. 
According to the above equation (24), the lowest possible 
state the vibrational energy is not zero, but has a value, 
called zero point energy and is expressed as 
•3N-6 
G(0,0,0) = h JZ ^^ (25) 
11 
The fundamental levels are those for which all the 
vibrational quantum numbers are zero except one having the 
value unity. When only one normal vibration is excited, 
i.e., when only one V, is different from zero, but it is 
greater than one, the corresponding energy levels are named 
as overtone levels. If two or more quantum numbers have 
non-zero values, then the levels are called combinational 
levels. The frequencies •%), resulting from the transiti on 
from ground state to the state in which V, = 1, all other 
V's are zero, are called fundamental frequencies, whereas 
transitions from the ground level to overtone levels are 
called overtones and transitions occuring from the ground 
level to combinational levels are combinations. In addition 
to these transitions some will arise from excited states to 
higher states. These are called difference combinations. 
In absorption spectroscopy transitions from ground state is 
most important because that state has greatest 
population [2]. 
1.1.4. Eigen functions 
The eigen functions of equation (19) arc simple 
harmonic oscillator eigen functions. They are called 
Hermite orthogonal functions and the expression in 
mathematical form is 
12 
(27) 
V\^ = Nvk ^ "^ "^ '''^ ''^  "vk^^^k) (26) 
where N , is a normalization factor 
vk 
oC =, k 
k h 
and H U/C^I^QT,) is a Hermite polynomial of V. degree. 
The total vibrational eigen function is the product of 
3N-6 or 3N-5 harmonic oscillator functions. It is a 
function of 3N-6 or 3N-5 normal coordinates in 3N-6 or 3N-5 
dimensional space. The vibrational eigen functions U, (Q, ) 
are even or odd functions of Q. depending on whether V, is 
even or odd. If Q, is replaced by -Q, the function U, {Q, ) 
remains unchanged or changes sign for even or odd V, 
respectively. 
1.1.5. Symmetry of normal vibrations 
Symmetry considerations were first applied to the 
vibrations of polyatomic molecules by Brester in 1923 [1]. 
They are of greatest importance not only for the 
determination of the normal vibrations but also for the 
discussion of higher vibrational levels and the influence of 
anharmonicity and the interaction of rotation and vibration. 
13 
Symmetry of a molecule means the symmetry of the 
configuration of its nuclei or in other words of the 
nuclear frame. A molecule may have one or several symmetry 
elements, such as a plane of symmetry (<?*), a center of 
symmetry {i), a p-fold axis of symmetry (C ) and the 
identity (1). This symmetry operation is to leave the 
molecule unchanged. The new configuration cannot be 
distinguished from the original one. Symmetry consideration 
enables the symmetry of molecules to be classified in a 
small number of groups according to the number and nature of 
symmetry elements. A possible combination of symmetry 
operations that leaves at least one point unchanged is 
called a point group. Most of the molecules belong to one 
of the possible point groups of the following i.e. C , C , 
p^v' %h' V ' V ' "^d' \ ^""^ %' ^^ ^ °f '^^ ^^^ P°i"^  
groups are discussed below. 
The point group C 
This point group C has only one symmetry element i.e., 
a plane of symmetry («"). The normal vibrations and eigen 
functions may be symmetric (A') or antisymmetric (A") with 
respect to this symmetry element. This is shown in Table 
1.1. 
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Table 1 . 1 . Symmetry t y p e s and c h a r c t e r s iot Lli'- f - i i i l -M'•UI|J (\_ 
Cs 
A' 
A" 
I 
+ 1 
+ 1 
a(xy) 
+ 1 
-1 
Rot. and trans. 
T , T , R 
X y z 
T , R , R 
z X y 
"xx' '1 1 7.7. 
a zx 
°xy 
Table 1 . 2 . Symmetry types and c h a r a c t e r s fo r t he poini fjroup C^ 
Sv 
h 
h 
h 
^2 
1 
+1 
+1 
+1 
+1 
C^lz) 
+1 
+ 1 
-1 
-1 
0 (xz) 
+1 
-1 
+1 
-1 
o^(yz) 
+1 
-1 
-1 
+1 
Rot. and trans. 
T, 
z 
R^ 
T , H X y 
T , R 
y ^ 
« ,v. , a 
>: X y y z z 
a 
xy 
u 
zx 
«yz 
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The point group Cj 
If a molecule has one two-fold axis and two planes of 
symmetry passing through that axis and right angles to one 
another, it belongs to the point group C- . These are 
designated by C^Cz), <r (xz) and r*(yz). The designation of 
symmetry species of point group C™ and the behaviour of 
normal vibrations are given in Table 1.2. 
The point group Dg, 
The point group Dj-. consists of the following 
operations: I, 2Cg, 2Cg = 2C3, Cg = C^, 3C^, 3C^ ', ^, 3<r^ , 
3 3 <r , 2S-,, 2S^, S^ = S„ = 1. The behaviour of normal 
V 3 6 6 2 
vibrations and eigen functions with respect to above 
symmetry elements and types of symmetry species of this 
symmetry group is given in Table 1.3. 
1.2. Vibrational Spectra of Benzene 
Benzene forms a series of aromatic compounds by 
substitution of different atoms and atomic groups replacing 
the various hydrogen atoms of the benzene molecule. Benzene 
is a highly symmetrical molecule having six-fold axis of 
symmetry and belongs to Dg, point group. The molecular 
plane of benzene is laying perpendicular to the six-fold 
axis as shown in Fig. 1.1. 
16 
Fig. 1.1. Symmetry of benzene moleculo. 
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According to Table 1.3, there are twelve different 
species for this point group. The numbers of vibrations of 
each species are 2A, , OA, , lA- , lAp , OB, , 2B, , 25- , 
2B„ , IE, , 3E, , 4E_ and 2E^ . In the character table for 2u Ig lu 2g 2u 
the point group D^ , , the +1 and -1 indicates symmetrical and 
antisyrametrical behaviour of vibrations with respect to the 
concerned symmetry operation. The letter A is used for all 
species, that are symmetric and B for those species that are 
antisymmetric with respect to an axis of symmetry. The 
doubly degenerate vibrations are indicated by the letter E. 
The subscripts 1 or 2 are used to indicate the species which 
are symmetric or antisymmetric under one of the two-fold 
rotation about an axis perpendicular to the principal 
symmetry axis in D. . The species which are symmetric under 
i is given by the subscript g, while the antisymmetric 
species are indicated by the subscript u. The two 
components of a degenerate species are either both symmetric 
3 
or both antisymmetric with respect to I, C ~ ^y ^"d i, 
the corresponding characters are +2 and -2 respectively. 
The non-genuine vibrations translation (T , T and T ) in 
^ X y z 
the X, y, and z directions and rotation (R , R and R ) 
' J ' X y z 
about X, y and z axes, that belong to particular species are 
given in the last column. 
There are only twenti' fundamentals, ten non-degenerate 
and ten doubly degenerate. The fundamental frequencies and 
18 
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r H l - ^ r H H C ^ < N r H r ^ r H r H r M f ^ ^ 
+ + I I 1 4 + + ! I I ^ 
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I + + + + I I 
rH rH rH 
+ + I 
rH rH rH rH rH rH rH 
I + I + + 1 I 
r H r H r H « - H f M C N r H r H r H r H r ^ ) 0 4 
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Table 1.4. Summary of the fundamental vibrations of benzene 
Mode Species Frequency (cm ) Activity Description 
20 
2 
13 
7 
3 
9 
15 
18 
5 
17 
10 
11 
8 
19 
14 
1 
12 
6 
4 
16 
lu 
^ig 
"lu 
2g 
a^ 2g 
"2g 
^2u 
^lu 
^2g 
2u 
^1 
a^ 2u 
2g 
lu 
2u 
^ig 
^lu 
2-, 
2g bn 
2g e^ 
3080 
3062 
3060 
3047 
1340 
1178 
1152 
1037 
995 
975 
850 
673 
1596 
1485 
1310 
992 
1010 
606 
703 
405 
•2u 
I 
R(p) 
* 
R(dp) 
* 
R(dp) 
* 
I 
* 
* 
R(dp) 
I 
R(dp) 
I 
* 
R(p) 
* 
R(dp) 
* 
* 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H 
C-H 
C-C 
C-C 
C-C 
C-C 
C-C 
C-C 
C-C 
C-C 
Stretch 
stretch 
stretch 
stretch 
i.p.b. 
i.p.b. 
i.p.b. 
i.p.b. 
o.p.b. 
o.p.b. 
o.p.b. 
o.p.b. 
stretch 
stretch 
stretch 
stretch 
i.p.b. 
i.p.b. 
o.p.b. 
o.p.b. 
I = infrared active; R = Raman active; dp = depolarized; 
P = polarized; * = inactive both in Raman and infrared 
experiments; i.p.b. = in-plane bending; o.p.b. = 
out-of-plane bending. 
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Fig. 1.2. Normal vibrations of benzene 
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modes of vibration are given in Table 1.4 and Fig. 1.2. 
From the Table 1.4 it may be concluded that there may be 
only four infrared active fundamentals; one frequency of 
species a„ and three of the species e, . These are modes 
•^  2u "^  lu 
11, 18, 19 and 20 of benzene. In the Raman spectrum two 
frequencies of species a, , one of species e, and four of 
species e^ are allowed. These are modes 1, 2, 6, 7, 8, 9 2g 
and 10 of benzene. The single out-of-plane vibration a^ , 
gives parallel-type band whereas three fundamentals of 
species e, give perpendicular type band. The two Raman 
frequencies of species a, would give polarized Raman lines. 
The remaining five lines of species e, and e- are 
depolarized. 
A number of workers [1-5] have considered the normal 
modes of vibrations of benzene. The problem has been 
reconsidered leading to characterization of modes of 
vibrations and assignment of frequencies by Pitzer and 
Scott [6]. The infrared spectrum of benzene vapour has been 
investigated by some workers [7-12], before Ingold and his 
co-workers. Lambert and Lecompte [9] described a spectrum 
which is similar to the spectrum of benzene in liciuid and is 
characterized by three strong band at 8.6, 11.8 and 12.9 u. 
Kettering and Sleator [10] recorded a quite different 
spectrum. The bands mentioned in above spectrum are 
completely absent. Titeica [11] recorded a spectrum of 
22 
intermediate character. The band at 8.6 p was prominent and 
that at 11.8 and 12.9 ^ were less pronounced. Barnes and 
Brattain [12] recorded a spectrum similar to that of 
Kattering and Sleator. He observed two additional band at 
12.4 p. and 13.35 p.. 
Ingold and co-workers [3] carried out the first 
comprehensive study of vibrational spectrum of benzene 
measuring the vapour and liquid infrared and liquid Raman 
spectra of several deuterium labelled benzenes. Their 
correlation of bands between labelled molecule and 
comparison of liquid and vapour bands allowed a reasonable 
vibrational assignment of benzene molecule which in large 
part still strands today. 
Mair and Horing [13] made a major contribution to the 
early vibrational assignment. They studied the infrared 
spectrum of crystalline benzene at 12°C - 65°C and -170°C 
and studied the liquid benzene at 28°C. They observed 
directly all ungrade fundamentals, so far, the first time. 
The frequency assignments of Ingold et al. [3,4] are 
confirmed except for B„ species. 
Several improvements in the quality of vibrational 
frequency data have been made by Erode rsen [14]. These 
investigations have been confirmed to only a few bands in 
one or two isotopic species. Daunt and Shurvell [15] 
23 
extended the three e, fundamentals, "^tot "^i r, and "^^r, in 
lu lo iy Zu 
benzene-d-.. In Thakur's [16] work, the accuracy of vapour 
phase vibrational data has been improved for all twelve 
13 12 13 deuterium - labelled benzenes and for C Cr-H^  and C^H,. 5 6 6 6 
Many vapour phase fundamental frequencies are observed for 
the first time and isotopic frequency splitting patterns for 
•0,, V, J, and "^-.n have been obtained. His work [16] indicates 
that the rotational contour of 0^„ arises from a 
superposition of fundamental "0^^ and a combination 
(^ ,Q + ^,) transition in Fermi resonance. A Fermi resonance 
correction {+24 cm ) has been made to the e, CH mode -„ 
lu 20 
in benzene. Direct observation of the rotationless origin 
bands for the three e, fundamental bands in benzene - h, 
have been made by Pliva and co-workers [17] using difference 
frequency and Fourier-transform spectroscopy. Sunvely 
et al. [18] confirms Pliva's value for the Coriolis constant 
for '^y^ of benzene - h, by an experiment, combining the high 
resolution capabilities of Fourier-transform infrared 
spectroscopy with low rotational temperature of supersonic 
jet recently. Hollinger [19] made a systematic study of 
high resolution Raman spectra of benzene - h, and - d^. fie 
was able to locate the rotationless vibrational origins of 
active totally symmetric ( ^, and ^„) and e„ ( v)^  ~ '^ q) 
vibrational bands with high accuracy. 
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Ito et al. [20] observed the Raman spectra of benzene, 
substituted benzene and charge transfer complex between 
benzene and halogen. One of the prominent feature of the 
preresonance effect of benzene and benzene - d, is a great 
intensity enhancement of Raman line T),p.(e, ) by changing 
the excitation frequency from longer wavelength to shorter 
one. G.H. Atkinson and C.S. Parmenter [21] recorded the 
260 nm absorption spectrum of benzene. The position and 
intensity of most of the band maxima in the 1B„ •«— lA, 
•' 2u Ig 
absorption system of benzene have been remeasured at 300 K. 
13 12 The infrared spectra of C CcH, was first measured by 
Broderson et al. [22], in both liquid and vapour. 
1.3. Vibrational Spectra of Substituted Benzenes 
1.3.1. Spectra of mono-substituted benzenes 
Mono-substituted benzenes are obtained by replacing one 
hydrogen atom of the benzene ring by an atom or atomic 
group. The change in the symmetry of the moleculo can be 
explained in two ways. In first case, if an atom or atomic 
group is considered as a big atom, then tlic molecule may 
belong to C„ point group. In the second case, if there is 
no any approximation of a big atom for atomic group, then 
the molecule may be belong to C point group. The vibrations 
in C symmetry lies between symmetric (a*), corresponds to 
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polarized Raman vibrations and antisymmetric (a") 
corresponds to depolarized Raman vibrations. The character 
tables for C and C^ point groups are given in 
s 2.V 
Tables 1.1 - 1.2. Few of the mono-substituted benzenes are 
described briefly below. 
Aniline 
The hydrogen atoms in NH2 group of aniline molecule may 
be differently located. Due to the presence of repulsive 
force, the plane of HNH triangle is perpendicular to the 
plane of benzene ring. Therefore the symmetry of aniline is 
assumed to be C„ [23]. The Raman and infrared spectra of 
aniline have been studied by earlier workers [24-26]. 
Lisitsa et al. [23] have reported absorption spectrum of 
aniline in the region of stretching vibration of C-H bands. 
Katritzky and Bykove [27-28] have reported vibrations at 
1605(1603), 1563(1591), 1495(1500) and 1465(1467) cm"-'" and 
were assigned to ^^^^. ^2cc' ^Zee ^"^ "^ 400 respectively. 
These vibrations belong to a, and b, species alternatively. 
Nitrobenzene 
The spectra of nitrobenzene have been studied by many 
workers [29-38]. This molecule belongs to the C„ point 
group. Lisita et ai. [23] have studied the absorption 
spectrum of nitrobenzene in the stretching vibration region. 
2b 
They have assigned bands at 3072 (T>^ „ ^^^^ ), 2859 (V> + S>,) 
vn aj. OIu • So. 
2932 {"^^ + ^ ^ ) , 3029 {-^^ + ^4 ^  ^^^ ^^^^ ^\ + ^3) ™'"''' "^ e^ 
first one and the last two belong to species a, and second 
and third to species b, . The band at 704 cm is T(N02) 
vibration and that at 852 cm is i (NO-) mode. The bands at 
1527 and 1351 cm~ are assigned to (NO^) and (NO^) 
respectively. The band at 530 cm is assigned to r(NOp). 
Phenol 
Katritzky [24] has reported the absorption spectrum of 
phenol. The bands at 1069, 1023 and 1169 cm were assigned 
to ^(CH) belong to ' species b, , a,, a,, b, and a, 
respectively. 
1.3.2. Spectra of disubstituted benzenes 
Raman and infrared spectra of disubstituted benzenes 
have been extensively studied by many workers. In 
disubstituted benzenes, two hydrogen atoms of benzene ring 
are replaced by two another atoms or atomic groups. The 
two substituents affect independently the vibrational 
spectra of disubstituted benzenes. Vibrational studios of 
some disubstituted benzenes are given below. 
Monosubstituted aniline 
The spectra of monosubstituted aniline have been 
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studied by various workers [39-43]. It belongs to C point 
group. The frequencies 3375 and 3460 cm in 2-fluroaniline 
have been assigned to NH symmetric stretching mode and 
asymmetric stretching modes respectively. 
Isomeric nitrophenol 
The infrared absorption spectra of o-, m- and 
p-nitrophenol have been studied by Yugal Kishore 
et al. [44]. Assuming the OH and NO- groups to behave like 
single mass points p-nitrophenol may be considered to belong 
the C„ point group and o- and m-nitrophenols to the C 
point group. In C^ point group the thirty fundamentals of 
benzene devide among the symmetry species of the group as 
follows: (11a, + lOb-) in the plane modes and (Sa- + 4b-| ) 
out-of-plane modes. All these modes are allowed in the 
Raman spectrum. In C point group the thirty fundamentals 
of benzene are devided into 21 planar (a') and 9 
non-planar (a") modes. All these modes are allowed in both 
Raman and infrared spectra. Besides these thirty vibrations 
there would be six internal vibrations of the N0„ group and 
three internal vibrations of the OH group. 
Monosubstituted nitrobenzene 
Infrared and Raman spectra of monosubstituted 
nitrobenzene have been studied by Green and Harrison [45]. 
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The N0„ asymmetric stretching vibrations were assigned at 
1525, 1527, 1536, 1530 and 1536 cm"-*" in X-CgH^N02 compounds 
respectively where X = CH^, F, Cl, Br and I. The 
frequencies at 1349, 1352, 1353, 1353 and 1352 cm were 
assigned to NO2 symmetric stretching vibrations 
respectively. The N0„ deformation vibrations were assigned 
in the region 850-860 cm" and NO- rocking vibrations in the 
region 544-571 cm for these compounds respectively. 
1.3.3. Spectra of trisubstituted benzene 
Spectra of trisubstituted benzene have been studied 
earlier workers [46-59]. Brief description of some 
trisubstituted benzenes are given below. 
Substituted dinitrobenzenes 
Vibrational spectra of dinitrobenzenes have been 
studied by a number of workers. The derivatives: 
2,4-dinitrophenol (DNP), 2,4-dinitrotoluen (DNT) and 
2,4-dinitrophenyl hydrazine (DNPH) have been studied by Jaya 
et al. [55]. These molecules belong to C point group. In 
all three molecules the strongest bands observed in the 
region 1300 cm were assigned to NO- symmetric stretching 
vibration. The ring breathing mode lying in the region 
820-840 cm"-"-. 
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1.3.4. Spectra of tetrasubstitiited benzene 
Vibrational spectra of tetrasubstituted benzene have 
been studied by the earlier workers [60-65]. The molecule 
2,4,6-trichlorophenol is a tetrasubstituted benzene, and is 
assumed to belong to the C point group. The OH group was 
taken to be coplanar with the phenyl ring and hence the 33 
normal modes are distributed between the two species of the 
C point group as 23a' + 10a". The strong frequencies 
observed at 3537(IR) and 3545(R) was assigned to OH 
stretching vibration. Tripati [62] has assigned the bands 
in region 1170-1180 cm and 302 cm to OH in-plane and 
out-of-plane vibrations respectively in 2,3,4- and 
2,3,6-trichlorophenols. 
1.4. Vibrational Spectra of Uracil 
Great interest in nucleic acids and their constituents 
has led to structural' studies.. it is essential to have a 
reliable knowledge of normal mode of vibration for Raman and 
infrared band. The infrared and Raman spectra of uracil and 
its derivatives have been studied by the earlier 
workers [66-71]. Susi [68] has reported the Raman and 
infrared spectra of uracil and three deuterated analogs. 
Band assignments have been carried out on the basis of 
deuteration and normal coordinate analysis of planar 
30 
vibrations. The vibrations were analyzed on the basis of 
molecular C symmetry. The modes a' and a" splits into A , 
B , A and B crystal modes. The observed Raman lines 
u u g -' 
belong to the crystal species A and B and the infrared 
bands to B and A . 
u u 
Vibrational spectra reported in the present 
dissertation are interpreted and analysed on the basis of 
similar types of spectra reported above in the case of 
substituted benzenes and substituted uracil. However, there 
may be certain variations in the occurrence and nature of 
the molecular vibrations observed in the reported Laser 
Raman, far-infrared and infrared spectra of polyatomic 
molecules. These deviations may be attributed to the still 
lower symmetry of these molecules. 
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CHAPTER 2 
LASER RAMAN AND INFRARED SPECTRA OF 
2,4,6-TRINITROPHENOL 
2.1. Introduction 
The vibrational spectra of phenol and substituted 
phenools and nitrobenzenes were investigated by earlier 
workers [1-11]. In comparison to the vast amount of 
experimental work on the vibrational spectra of substituted 
benzenes containing the N0~ group, the work on 
tetrasubstituted benzene is rather scanty. The vibrational 
spectra of 2,4,6-trinitrophenol have not, so far, been 
reported. In the present investigation, infrared and Raman 
spectra of 2,4,6-trinitrophenol have been recorded and 
observed frequencies are assigned to various normal modes of 
vibrations and their combinations on the basis of the 
studies made in the similar molecules by the various 
workers. 
2.2. Experimental Details 
2.2.1. Infrared absorption spectrum 
2,4,6-trinitrophenol was obtained in the pure form from 
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Aldrich Chemical Co., Inc. U.S.A. It is an explosive and 
coloured compound. Therefore, the infrared spectrum was 
recorded in the region 600-4000 cm on PE-781 
Spectrophotometer in liquid phase using ethanol as solvent. 
The infrared spectrum is shown in Fig. 2.1. 
The infrared spectrophotometer works on the principle 
of optical null method. Ray diagram of double beam infrared 
spectrophotometer is shown in Fig. 2.2. Broad band infrared 
radiation from the source is devided into rGforonce and 
sample beams. The sample absorbs radiation from the sample 
beam of wavenumber corresponding to its characteristic 
vibrational frequencies, while the reference beam passes 
through uneffected. The two beams are focussed on the comb 
and optical attenuator by mirrors Ml, M2, M3 and M4. 
Optical attenuator attenuates the reference beam to equalize 
the intensities of sample and reference beams. In 
photometer section the two beams are combined and focussed 
to the thermocouple detector. The incident radiation 
produces a thermoelectric voltage proportional to the 
incident intensity. The alternating signal from the 
detector is amplified and then demodulated by the signal 
processing electronics give separate sample and reference 
beam signals. The ratiometer produces the ratio of the two 
signals which corresponds to the transmittance value of the 
sample. After filteration and amplification thir. rAqnal is 
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supplied to the recorder. The instrument is automatic, 
scanning the whole spectrum and recording the percentage of 
transmission of the sample automatically. 
2.2.2. Laser Raman spectrum 
Raman spectrum of the 2,4,6-trinitrophenol solution in 
ehtanol was recorded on Gary- 82 laser Raman spectrometer 
using line 5195 A° of the Argon ion laser as source of 
excitation. Polarized, depolarized and normal spectra were 
recorded in the region 100-4000 cm . Depolarization ratios 
of the Raman lines are calculated by measuring the 
intensities of the lines. The traces of polarized, 
depolarized and normal laser Raman spectra are shown in 
Figs. 2.3. - 2.4. 
The ray diagram of the Cary-82 laser Raman Spectrometer 
is shown in Fig. 2.3a. In a basic Raman spectrometer the 
sample under investigation is irradiated by a light of 
particular wavelength from the laser source. The laser beam 
enters the sample compartment through an aperture after 
passing through an interference filter, shutter and 
polarization rotator. A reflecting target direct the beam 
to the sample. The Raman light scattered at right angles 
to the incident radiation is accepted by a gathering lens 
and projected into the entrance slit of the first 
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monochromator. The collimated beam from the Ebert mirror is 
dispersed by the first diffraction grating and refocussed in 
the plane of the intermediate slit. This is repeated in the 
second monochromator with the result that the light leaving 
the narrow exit slit has a spectral band width of one 
wavenumber. From the exit slit the beam is directed to the 
photocathode of the photomultiplier tube. The a.c null 
balance system is used to drive a recorder mechanically 
linked to the monochromator scan. 
2.3. Results And Discussion 
The molecule under the present investigation is a 
tetrasubstituted benzene. If we assume each of the 
substituentgroups as a single mass point, it may belongs to 
C point group. The normal modes of vibration of the sample 
are distributed between the species a'(planar) and 
a"(non-planar) of the C point group. The assignment of the 
frequencies are made with the help of the vibrational 
studies of similar molecules by earlier workers and the 
depolarization ratio of the Raman bands were measured. The 
frequencies obtained from the infrared and Raman spectra 
together with their visually estimated intensities and 
probable assignments are shown in Table 2.1. 
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Table 2.1. Vibrational frequencies (cm ) of 
2,4,6-trinitrophenol. 
IR Raman Depol. j^^^^ Speci ratxo ^ es Assignment 
3400s,br 
3000s 
2950w 
2920w 
1640s 
1620w,sh 
1575m 
1560m 
1550w,sh 
1510m 
1490m 
1450w 
1430s 
1380m 
1350w,sh 
1335s 
1300m 
1270s 
1250m,sh 
2960m 
2930s 
2890m 
1550m 
1490m 
1450m 
1360m,sh 
1340s 
1305s 
1270m,sh 
P 
P 
0.26 
0.95 
0.78 
0.66 
0.34 
P 
P 
0.58 
2 
8b 
8a 
19b 
19a 
13 
3 
a" 
a' 
A' 
A' 
A' 
a' 
A" 
a' 
a' 
a' 
a' 
a' 
a' 
A' 
A" 
a' 
a' 
a' 
a' 
a' 
0-H 
C-H 
1510 
1575 
1550 
C-C 
1450 
C-C 
NO2 
NO2 
NO2 
C-C 
C-C 
2 X 
105C 
NO2 
NO2 
NO2 
c-oi-
C-H 
stretch. 
stretch. 
+ 1450 
+ 1350 
+ 1340 
stretch. 
+ 165 
stretch. 
asym stretch 
asym stretch 
asym stretch 
stretch. 
stretch. 
710 
1 + 330 
sym. stretch 
sym. stretch 
sym. stretch 
[ stretch. 
i.p.b. 
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Contd (Table 2.1) 
1170m 
1090s 
1050s 
940w 
885s 
810w,sh 
795m 
750m 
735w 
710m 
670w 
1165m 
1085w 
1050w 
940s 
880m 
820s 
710m 
540w 
360m 
330m 
165w 
0.45 
0.46 
0.66 
0.15? 
0.1? 
0.14 
0.56 
0.67 
P? 
P 
0.52? 
9b 
20b 
20a 
5 
17a 
12 
6b 
4 
15 
10b 
10a 
a' 
a' 
a' 
a" 
a' 
a' 
a' 
a' 
a' 
a" 
a" 
a' 
a' 
a" 
a" 
C-H 
0-H 
i.p.b./ 
i.p.b. 
C-NO2 stretch. 
C-NO2 stretch. 
C-H 
NO2 
C-H 
C-C 
NO2 
C-C 
C-C 
0-H 
NO2 
o.p.b. 
def. 
o.p.b. 
i.p.b. 
wagging 
i.p.b. 
o.p.b. 
o.p.b. 
rocking 
C-OH i.p.b. 
C-OH o.p.b. 
C-NO2 o.p.b. 
s = strong; m = medium; w = weak; ms = medium strong; 
sh = shoulder; br = broad; i.p.b. = in-plane bending; 
stretch. = stretching; o.p.b. = out-of-platic beading; 
def. = deformation; asym. = asymmetric; sym. - symmetric; 
P = Polarized. 
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2.3.1. C-H and C-X (X=substituent) stretching 
vibrations 
The aromatic C-H stretching vibrations are in general 
observed in the region 3000-3100 cm and in the present 
study also absorptions in this region is attributed to the 
C-H stretching vibration. Only two modes of benzene remain 
as C-H stretching vibrations whereas four modes transform 
into C-X stretching vibrations. The strong band observed in 
the infrared spectra at 3000 cm" is assigned to mode 2 of 
C-H stretching vibrations. Out of three observed C-X 
stretching vibrations, one is due to C-OH and two are due to 
C-NO2 modes of vibrations. The shoulder observed in the 
infrared spectrum at 1270 cm is assigned to C-OH 
stretching vibration and corresponding to the mode 13 of the 
benzene. This is in good agreement with earlier reports in 
a number of substituted phenols [4-9, 16-18]. The C-NO-
stretching mode is expected around 110 0 cm . The bands 
observed at 1085 and 1050 cm represents the two C-NO„ 
stretching vibrations of modes 20b and 20a respectively. 
These assignments are suported by the earlier studies 
[11,19]. 
2,3,2, C-H and C-X (X=substituent) in-plane 
bending vibrations 
In benzene the modes 3, 9a, 9b, 15, 18a and 18b 
48 
represents the C-H in-plane bending vibrations. The modes 3 
and 9b remain as C-H in-plane bending modes which are 
allocated to 1250 and 1170 cm . The frequency observed at 
360 cm" in the Raman spectrum is assigned to C-OH in-plane 
bending mode 15, on the basis of the earlier reports 
[3,6,16,17, 23-26]. 
2.3.3. C-H and C-X out-of-plane 
bending vibrations 
There are six C-H out-of-plane bending vibrations in 
benzene corresponding to the modes 5, 17a, 17b, 10a, 10b and 
11. Modes 5 and 17a remains as C-H out-of-plane bending 
vibrations. The band appearing at 940 cm is assigned to 
the mode 5 [18, 27-29]. Two modes 10a and 10b have 
transformed into C-X out-of-plane bending vibrations. The 
frequencies 165 and 330 cm are assigned to the C-NO^ and 
C-OH out-of-plane bending modes 10a and 10b respectively on 
the basis of earlier reports [6,17,20,27], The C-H bending 
out-of-plane vibration at 840 cm was assigned by 
Verma et al. [30] in 1-Fluoro 2,4-dinitrobenzene has been 
found as symmetric vibration so far as the value of 
depolarization ratio is concerned. We have obtained the C-H 
bending out-of-plane vibration at 820 cm with strong 
intensity in Raman spectrum. This has been correlated with 
infrared vibration at 810 cm" . However, this vibration is 
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also found symmetric depending upon the value of 
depolarization ratio. 
2.3.4. C-C stretching vibrations 
The vibrational modes 8a, 8b, 19a and 19b, 14 and 1 of 
benzene are the C-C stretching vibrations. On substitution, 
the frequencies of the first five modes remains almost 
unchanged whereas the ring breathing mode 1 is sensitive to 
substitution. The modes 8a, 8b, 19a and 19b of benzene are 
observable in the region 1365 - 1635 cm [17,21]. The 
frequencies observed with strong and medium intensities at 
1640, 1575, 1490 and 1450 cm" are assigned to C-C 
stretching modes 8b, 8a, 19b and 19a respectively. The mode 
1 is not observed. These are in good agreement with the 
reports of earlier workers [18-22]. 
2.3.5. C-C in-plane and out-of-plane 
bending vibrations 
The normal modes 6a, 6b and 12 are regarded as C-C 
in-plane bending vibrations. In the present investigation, 
the frequencies 795 and 735 cm are assigned to 12 and 6b 
respectively taking into consideration the ranges of 
appearance and intensities of the bands. 
The modes 4, 16a and 16b are due to C-C out-of-plane 
bending vibrations of benzene. The mode 4 is expected 
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around 700 cm . In this study the frequency observed at 
710 cm is assigned as the mode 4. The modes 16a and 16b 
are not observed. 
2.3.6. Group vibrations 
NO- group 
NO- asymmetric and symmetric stretching frequencies 
have been observed in the ranges 1550-1600 and 
1300-1350 cm~ respectively [31-33]. In the present 
investigation, the frequencies 1510, 1550 and 1560 cm" are 
assigned to NO2 asymmetric stretching vibrations and 1350, 
1335 and 1300 cm are assigned to N0„ symmetric stretching 
vibrations. These assignments are in good agreement to the 
earlier reports [5,6,14,22,23, 33-38]. Four NO- stretching 
vibrations 1550(dp), 1360(p), 1340(p) and 1305(p) cm"-*- are 
observed in the Raman spectrum with strong and medium 
intensities. 
NO- deformation vibration is assigned to the strong 
band observed at 880 and 885 cm" in the Raman and infrared 
spectra respectively. This vibration has been reported in 
the region 824-890 cm" by various workers [6,20,32,34,38]. 
On the basis of the earlier reports [14,2 7,32,35,39], 
the frequency observed in the infrared spectrum at 
750 cm is assigned to NO- wagging vibration and the 
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_1 
polarized band at 540 cm in the Raman spectrum is assigned 
as NOp rocking vibration. 
OH group 
This group gives rise to three characteristic 
vibrations: stretching, in-plane bending and out-of-plane 
bending vibrations. The strong broad band observed at 3400 
cm is assigned to OH stretching vibration, on the basis of 
the earlier reports [9,15], 
The OH in-plane bending vibrations in phenols generally 
lies in the region 1150-1250 cm . The frequency observed 
both in Raman and infrared spectra at 117 0 and 1165 cm 
respectively is assigned to the OH in-plane bending 
vibration. The frequency observed in the infrared spectra 
at 670 cm is assigned to the OH out-of-plane bending 
vibration. These assignments are in good agreement with the 
earlier reports [6,17,9,40]. 
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CHAPTER 3 
INFRARED AND FAR-INFRARED SPECTRA 
OF SULPHANILIC ACID 
3.1. Introduction 
The spectra of sulphanilic hcid have been reported by 
the earlier workers [1-5]. But no systematic work has been 
published. In the present investigation, the results of the 
analysis of infrared and far-infrared spectra of sulphanilic 
acid are reported. ^ The observed frequencies in the spectra 
have been assigned to various normal modes of vibrations, 
combinations and difference frequencies. 
3.2. Experimental Details 
The chemical was prepared in the Laboratory, Department 
of Chemistry, Aligarh Muslim University, Aligarh. It is 
solid at room temperature. The Fourier-Transform infrared 
spectrum has been recorded in the region 150-4000 cm" on 
PE.1800 infrared spectrophotometer using Csl pellet 
technique. The infrared spectra has also been taken in the 
region 600-4000 cm on PE.781 conventional 
spectrophotometer using KBr and Nujol techniques. The 
spectra were shown in Figs. 3.1 - 3.4. 
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3.3. Results And Discussion 
The molecule under present investigation is a 
disubstituted benzene and is assumed to belong to C point 
group. There will be only two types of vibrations, that are 
planar (a') and non-planar (a"). The assignment of the 
vibrations in this molecule is given in Table 3.1. 
3.3.1. C-H stretching, in-plane bending and 
out-of-plane bending vibrations 
In general the C-H stretching vibrations are observed 
in the region 3000-3100 cm in substituted benzene. In the 
present study the strong band observed at 3064 cm is 
assigned to mode 2 of the C-H stretching vibrations. The 
C-H in-plane bending is observed at 1124 cm which 
represents the mode 18a whereas the C-H out-of-plane bending 
vibrations are allocated to 837 and 820 cm which 
correspond to modes 10b and 10a respectively. 
3.3.2. C-X(X=substituent) stretching, in-plane 
bending and out-of-plane bending vibrations 
The C-N stretching vibrations are generally observed in 
the region 1200-1360 cm" [6-9]. In the present 
investigation the band observed at 1320 cm is assigned to 
C-NH2 stretching vibration [1,10]. The C-S stretching 
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Table 3.1. Vibrational frequencies (cm ) of sulphanilic 
acid. 
FT-IR 
Csl 
3509W 
3420m 
3064s 
2922s 
2651s 
1934W 
1635m 
1617m 
1576m 
1549m 
1521W 
1500s 
1457W 
1424W 
1320w 
1245s 
1159s 
1124s 
1039s 
IR 
KBr 
3060sbr 
2920br 
2655s 
1940W 
1640m 
1610m 
1580m 
1550m 
1525W 
1500s 
1460w 
1425W 
1325W 
1250s 
1160s 
1120s 
1040s 
Nujol 
3420w 
3060W 
2920s 
2650m 
1935w 
1635m 
1610m 
1580m 
1550m 
1520w 
1500ms 
1460w 
1425w 
1320v/ 
1250e 
1160s 
1120s 
1035s 
Mode 
2 
8b 
8a 
19b 
19a 
13 
14 
18a 
Species 
a' 
a' 
a' 
a' 
A' 
A" 
a' 
a' 
a' 
A" 
A" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
Assignment 
NH„ asym stretch 
NH„ sym. stretch 
C-H stretch 
0-H stretch, in 
SO3H 
1500 + 1160 
1124 + 820 
C-C stretch. 
NH- dof. 
C-C stretch. 
1124 + 427 
837 + 686 
C-C stretch. 
C-C stretch. 
2x427 + 572 
C-NH„ stretch. 
C-C stretch./SO-
asym. stretch. 
SO- sym. stretch 
C-H i.p.b. 
NH„ rocking 
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Contd (Table 3.1) 
1010s 1010s 1010s 1 a' C-C stretch. 
837m 840m 835m 10b a" C-H o.p.b. 
830m 830m 12 a* C-C i.p.b. 
820sh 10a a'' C-H o.p.b. 
686s 690s 685s a' C-S stretch. 
635w 640w a" NH2 wagging 
572m 6b a" C-C i.p.b. 
561m 16b a" C-C o.p.b. 
527m a' SO2 def. 
502w A" 300 + 207 
480w 635 - 156 
460w ^ 252 + 207 
427s 16a a" C-C o.p.b. 
402w A' 252 + 156 
389s 9b a' C-NH2 i.p.b. 
358m A' 207 + 156 
332m 635 - 300 
300s a' C-SO^H i.p.b, 
275m 427 - 156 
252ms 17b a" C-NH2 o.p.b. 
216m 427 - 200 
207s a" NH2 torsion 
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Contd (Table 3.1) 
179m 427 - 252 
169m 561 - 389 
156s a" C-SO^H o.p.b. 
s = strong; m = medium; w = weak; ms = medium strong; 
sh = shoulder; br = broad; i.p.b. = in-plane bending; 
stretch = stretching; o.p.b. = out-of-plane bending; 
def. = deformation; asym. = asymmetric; sym. = symmetric. 
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vibrations are reported in the region 600-700 cm [1,10], 
The band observed in this molecule at 686 cm is assigned 
to C-S stretching vibration in the present investigation. 
The C-ISIH2 in-plane bending vibration of mode 9b is 
observed at 389 cm in sulphanilic acid. This assignment 
is in good agreement with the earlier reports on substituted 
anilines [6,8]. The band observed at 300 cm is assigned 
unambigously to mode 9a of the C-SO^H in-plane bending 
vibration. 
The C-NH„ out-of-plane bending vibration is assigned to 
the band observed at 252 cm . This is in agreement with 
the reports of earlier workers in substituted anilines 
[6,7,11]. The frequency observed at 156 cm may be due to 
C-SO^H out-of-plane bending vibration. 
3.3.3. C-C stretching vibrations 
The vibration modes 8a, 8b, 19a, 19b, 14 and 1 of 
benzene are the C-C stretching vibrations. The frequency of 
the first five modes remains almost unchanged on 
substitution while the mode 1 (ring breathing) changes. In 
the present case, the frequencies observed at 1635, 1576, 
1500, 1457, 1245 and 1010 cm" have been assigned to the 
modes 8b, 8a, 19b', 19a, 14 and 1 respectively. These 
assignments are in good agreement with the earlier reports 
[12-14]. 
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3.3.4. C-C in-plane and out-of-plane 
being vibrations 
The normal modes 6a, 6b and 12 are regarded as the C-C 
in-plane bending vibrations. The bands observed at 830 and 
572 cm" has been assigned to C-C in-plane bending 
vibrations of modes 12 and 6b respectively. The modes 4, 
16a and 16b are the C-C out-of-plane bending vibrations of 
benzene. The frequencies at 561 and 427 cm are assigned 
to the modes 16b and 16a of C-C out-plane-bending 
vibrations. 
3.3.5. Group vibrations 
NH_ modes 
Two bands appearing in the region 3 30 0-3500 cm are 
associated with the N-H stretching vibrations [1,12]. The 
first band occurs near 3500 cm is due to asymmetric 
stretching mode while the second appears near 3400 cm due 
to N-H symmetric stretching mode. The asymmetric and 
symmetric stretching vibrations in the present molecule have 
been assigned at 3509 and 3420 cm respectively. Evans 
[15] has assigned the frequency at 1618 cm to NH-
scissoring vibration in aniline. This result confirms tlie 
assignment of the frequency at 1617 cm" to the NH^ 
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scissoring vibration in the present molecule. The NH^ 
rocking vibration appears in the region 1000-1050 cm . The 
frequency 1039 cm is allocated to this vibration. Rekha 
Rao et al. have reported this mode at 1020 cm [8]. The 
NH„ wagging mode appears in the region 650-750 cm and the 
band observed at 635 cm" is assigned to this vibration. 
Singh and Singh reported this mode at 625 cm [12]. 
The NH- torsional mode is expected to have the lowest 
frequency of all the internal modes of NH„ group and is 
expected to appear below 400 cm . The frequency at 
207 cm is assigned to this mode. In all substituted 
anilines this mode has been assigned near 200 cm [6,7]. 
SO^H modes 
Anhydrous sulphonic acids absorb at 1342-1352 and 
1150-1165 cm due to the asymmetric and symmetric 
stretching vibrations. The OH gives rise a strong band near 
2900 cm . Sulphonic acids hydrate very easily and gives 
the strong absorption in the region 1230-1120 cm~ [9]. The 
observed bands at 1245 and 115 9 cm are assigned to 
asymmetric and symmetric S0_ stretching vibrations 
respectively. The strong band observed at 2922 cm may be 
due to the OH stretphing vibration in the group SO^H. The 
SO2 deformation vibration is assigned to 527 cm" . 
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CHAPTER 4 
RZVMAN SPECRUM OF 6-AZAURACIL 
4.1. Introduction 
N-hetrocyclic compounds Adenine, Guanine, Cytosine, 
Thymine and Uracil are of great biological interest because 
they are basic constituents of DNA and RNA. Spectroscopic 
study of uracil and its derivative have considerable 
importance in biophysical research on nucleic acids and 
related compounds. Vibrational spectra of uracil and its 
derivatives were studied by a number of workers [1-7, 13]. 
So far only few studies on azauracil have been reported [3]. 
The infrared spectrum of 6-azauracil have been reported [3]. 
In the present study, the infrared and Raman spectra of 
6-azauracil were recorded and the bands are assigned in 
terms of fundamentals and combination vibrations. 
4.2. Experimental Details 
The chemical in solid from was obtained from Sigma 
Chemical Co., U.S.A. and was used without further 
purification. The infrared spectra of the sample were 
recorded in the region 200-4000 cm on Pye Unichem. SP-2000 
spectrophotometer using KBr and Nujol techniques. The FT-IR 
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spectrum was recorded in the region 400-4000 cm in KBr on 
Nicolet SX 170. Spectrophotometer. The Raman spectrum was 
recorded in the region 50-4000 cm on Jobin Yvon Ramanor 
HG-2S spectrometer in solid phase using line 4880 A° of 
Argon-ion laser as source of excitation. The spectra were 
shown in Figs. 4.1 - 4.3. 
4.3. Results And Discussions 
The molecule under present investigation may be assumed 
to belong to C pcdnt group. There will be only two types of 
normal modes i.e., planar (a') and non-planar (a"). All the 
modes are allowed to appear both in Raman and infrared 
spectra. The vibrational assignment for this molecule has 
made on the basis of earlier reports [7-10]. The observed 
frequencies in the spectra and their probable assignments 
are given in Table 4.1. 
4.3.1. CH modes 
The molecule of the present study containing only one 
hydrogen atom attached to the carbon atom of the ring, 
involves a CH stretching vibration which have been assigned 
at 3037 cm . This is in accordance to that proposed for 
uracil and its derivatives [1-3, 11-12], The band observed 
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Table 4.1. Vibrational frequencies (cm ) for 6-azauracil 
FT-IR 
KBr 
3350sh 
3208sh 
3118s 
3037sh 
1720s 
1678sbr 
1606sh 
1462s 
1414s 
1363ms 
1336s 
1270s 
1120ms 
1030ms 
994ms 
904m 
850s 
778ms 
750s 
680sh 
IF 
KBr 
3200br 
3100sh 
1740sbr 
leiOsh 
1465s 
1425s 
1370sh 
1345s 
1272ms 
1120m 
1030m 
1005m 
905m 
860s 
790ms 
755s 
685sh 
Nujol 
3380sh 
3200sh 
1700br 
1605W 
1460s 
1415sh 
1365sh 
1340m 
1268m 
1115m 
1025m 
1000m 
910m 
855s 
790ms 
•750s 
680sh 
Raman 
3030w 
1725W 
1675W 
1609w 
1470w 
1418m 
1341W 
1276s 
1127W 
1035w 
995w 
909w 
774s 
Species 
a' 
a' 
A' 
a" 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
a' 
A' 
a' 
a' 
a" 
a" 
a" 
a" 
a' 
Assignment 
N-H stretch 
N-H stretch 
1678 + 1336 
C-H stretch 
C2=0 stretch 
C.=0 stretch 
C=N stretch 
N-H i.p.b./Ring 
stretch 
N-H i.p.b. 
C-H i.p.b. 
Ring stretch 
Ring stretch 
580 + 550 
Ring stretch 
Ring def. 
N-n o.p.b. 
N-H o.p.b. 
C=0 o.p.b. 
C=0 o.p.b. 
Ring stretch 
Contd (Table 4.1) 
75 
580s 
558s 
550s 
427w 
585sh 
565s 
550sh 
412s 
580sh 
560s 
550sh 
583w a' 
553s a' 
a' 
430w a" 
225w a" 
142s 
106s 
C=0 i.p.b. 
Ring def. 
Ring def. 
Ring torsion 
Ring torsion 
Hydrogen bonding 
vibrations 
s = strong; m = medium; w = weak; ms = medium strong; 
sh = shoulder; br = broad; i.p.b. = in-plane bending; 
stretch = stretching; o.p.b. = out-of-plane bending; 
def. = deformation. 
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at 1363 cm is assigned to CH in-plane bending mode. 
4.3.2. NH modes 
There are two NH stretching modes. They are assigned 
at 3350 and 3208 cm which are appearing with strong 
absorption in the infrared spectra. The broadening of 
infrared band in the region of NH stretching mode probably 
due to the involvement of nitrogen on N-H bond in hydrogen 
bonding. The bands observed at 904, and 850 cm are 
allocated to NH out-of-plane bending modes. The in-plane 
bending modes gives rise to bands at 1462 and 1414 cm in 
6-azauracil. These assignments are in close agreement with 
the earlier reports in 6-azauracil and substituted 
uracils [2-10]. 
4.3.3. Ring modes 
In the present molecule, the frequencies observed at 
1462, 1336, 1030 and 680 cm are assigned to ring 
stretching vibrations and that at 1606 cm is assigned to 
C=N stretching vibration. The ring deformation modes of 
6-azauracil are assigned at frequencies 994, 558 and 
550 cm . Two ring torsion modes are observed at 427 and 
225 cm . Other one torsion mode is not observed. 
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4.3.4. C=0 modes 
The two bands associated with the C=0 stretching 
fundamentals are observed in the region 1715-1704 cm and 
1681-1648 cm by Susi et al. [2], In the present molecule 
the bands observed at 1720 and 1678 cm are assigned to the 
C=0 stretching vibrations. The band appearing at 580 cm 
may be due to the C=0 in-plane bending mode whereas the 
frequencies observed at 778 and 750 cm are due to the C=0 
out-of-plane bending vibrations. These assignments are in 
good agreement with earlier reports [2,4,5,7]. 
4.3.5. Hydrogen bonding vibrations 
The 6-azauracil molecule forms strong intermolecular 
hydrogen bondings in cyclic geometry. In the lower region 
of the Raman spectrum modes associated with C-0 H-N 
hydrogen bonds are expected. The low frequency spectrum of 
substituted thymine and uracils have been studied and 
lattice vibrations associated with hydrogen bonds are 
reported [6,7,8]. In the present investigation the bands at 
142 and 106 cm are assigned to lattice vibrations due to 
hydrogen bondings. 
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SCOPE OF THE WORK 
Vibrational spectra of the benzene derivatives and 
uracil derivative have been obtained using Laser Raman and 
infrared techniques. These spectra are able to tell the 
occurrence of molecular vibrations in electronic ground 
state. These molecular vibrations change in the exicted 
state of the molecule. To know the excited state vibration, 
we should record the electronic absorption spectra of the 
same compounds in the vapour phase. That can be done by 
using a source of continuum in ultra-violet region and 
taking the vapour of the various compounds at different 
temperatures. At low temperature some prominent bands of 
the compounds will persist with strong indensity. With this 
process the (0,0) band of electronic transition of the 
molecule will be obtained. Difference between the (0,0) 
band and other vibrational bands towards longer wavelength 
side as well as shorter wavelength side will give rise the 
values of excited state and ground state vibrations 
respectively. The excited state vibrations of a polyatomic 
molecule are important to know the molecular structure and 
its geometry in the excited state. 
It is also planned to calculate the molecular 
vibrations taking into account the G-F matrix method and 
other molecular parameters. 
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